The thin airfoil theory for the case of steady,compressible, inviscid,and uniform flow past a Joukowski airfoil located along the horizontal axis is considered. Velocity potential is extended to a second-order approximation.
According to Van Dyke [1] , it is convenient to work with the velocity potential,because the connection between the stream function and the velocity is complicated by variations of density.
For nlane flow of a perfect gas the full potential equation given by Oswatitsch 2 is 2 2 a (1) + a 1) m2 {(60 11 )) 2 i 40 
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where M is the free-stream Mach number and 15" is the adiaba, tic index.
The dimensionless velocity components are
Let the velocity of the flow at infinity along the body axis be U=1.
Let the thickness function be T(x)=(1-x)1/1-x 2 , describes a symmetrical Joukowski airfoil. The thickness ratio is 6 at midchord,and 1.30E at the thickest point,x=-O.5,as shown in 
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(ii) The flow tangent condition to each fixed surface may be written as
where the upper sign for the upper surface and the lower one for the lower surface.
ANALYSIS
From the asymptotic condition (1.3.1),it is possible to write velocity potential in the form -64
-617
where ? 2= 1 -M 2 . Applying the Prandtl-Glauert ical scale),we write ii = x :Hence we get
Substituting (2.6) in (2.3),we get
Upon employing (2.1),(2.5) and (2.6) into (1.3.1) and (1.3.2) we get 2 -2 -2 X y m
We seek the asymptotic expansion of the solution as the thickness parameter E--4.0. In the limit,the Joukowski airfoil deg enerates to a line which causes no disturbance of the free stream,so the basic solution is the uniform parallel flow. We tentatively assume that the asymptotic series for the perturbation potential Thas,for a given thickness function T(x), the form (2.9) Substituting (2.9) in (2.7) and equating like powers of E we get
Substituting (2.9) in (2.8.1) and equating like powers of E we get
(i) and 
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In order to substitute the expansion (2.9) in the tangency condition (2.8.2) we must transfer (2.6.2) to the axis y=0. This can he done by using Taylor series expansion on the xaxis and equating like powers of e,we get "..A. 1 + X -2;C2 () -C,0+ ) = ( ) (2.12.1)
f/ (x, u) (2.12,2)
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Here g=o+ refers to the top and bottom sides of the slit to which the airfoil degenerates in the limit as E.- §.0,and across which 75 T is discontinuous. (1) 1. .) 1 _____31. 0 (1)
SOLUTION OF THE FIRST-ORDER PROBLEM
which is equivalent to an incompressible problem. Solution of the first-order problem (given by Cheng and Rott ND is:
? _ 7E7-(x,y) .-' sources and sinks (due to the symmetry of the airfoil) and with equal numbers (due to the closed shape of the body).Also, solution can he verified by direct substitution.
L
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The surface pressure coefficient C ,following Davies [5] ,is given by Ps P -po 2 C = k-- 
CONCLUSION AND DISCUSSIONS
The region of invalidity is within a distance from the 2 leading edge of the order of the nose radius which is 4 . In that vicinity the airfoil can be approximated by parabola having the same nose radius.
The first and second approximations for q s and C P versus , -1 -=x-c 1 are plotted in Fig.3 and Fig.4 ,where the divergence of the series near the singular points x=-1 is evident. From equations (5.2) and (5.4) we find: qs2 1p2
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Hence,we find that as the Mach number M of the uniform stream increases so will the maximum surface speed until it becomes equal to the local speed of sound c. When this occurs,the free from which M may be calculated. If E.-<-<1, (1-M ) must be small and we%et 
